Using a binary tumor-inducing (Ti) plasmid vector system, several plant species were transformed with a kanamycin resistance marker (neomycin phosphotransferase gene). Four Nicotiana species, seven tomato cultivars, two potato cultivars, and Arabidopsis thaliana were transformed by the binary vector transformation method. In this method, various plant organ pieces were co-cultivated with Agrobacterium Transformation of Plants. Leaves were cut to about 0.1 to 0.5 cm2 and stems were cut to about 1 to 2 cm long. The plant sections were wounded with forceps and cultivated in 2 ml of MS liquid medium in 60 mm Petri dishes with about 108 A. Neomycin Phosphotransferase Assay. Plant materials used for the enzyme assay were from independently isolated tissues and free of the Agrobacterium. Plant tissues were lysed by homogenization in 1 ml/g of plant extraction buffer (0.5 M sucrose, 0.1% ascorbic acid, 0.1% cystine-HCl, and 0.1 M Tris-HCl [pH 7.5]). The lysate was centrifuged for 5 min in an Eppendorf centrifuge and supematant adjusted to 1 mg/ml of total protein. Twenty zl of the crude extract was used for the neomycin phosphotransferase assay as described previously (2, 13 
Several plant vectors have been developed from Ti2 or Ri plasmids ofAgrobacterium (4, 7, 24) . The most convenient vector system in terms of molecular manipulations and plant transformation is the binary vector system (15) in which the vector contains the cis-acting elements required for plant transformation (2, 6) . The other necessary functions are provided in trans by several genes on either the helper Ti plasmid (15, 18) or the chromosome (12) of Agrobacterium. Although many higher plants are naturally susceptible to Agrobacterium infection (3) , each plant species is sensitive to only certain strains ofAgrobacterium (9) . This host specificity is dependent both on the nature of the Ti or Ri plasmid harbored by the bacteria and the chromosomal background (9, 22) . Therefore, the full host range ofAgrobacterium can be utilized with binary vectors by choosing the appropriate Ti (or Ri) plasmid and the bacterial strain.
Tobacco and a few closely related species have been transformed with nontumorigenic markers such as the kanamycin resistance gene (2, 5, 11, 14) using the protoplast co-cultivation methods (20) based on Ti plasmid vector system of Agrobacterium tumefaciens. Tobacco and petunia protoplasts were transformed with the kanamycin resistance gene and plants expressing the transferred gene were successfully regenerated (8, 16) . Because regeneration of protoplasts is difficult for many plant species (10) new transformation methods have been developed (1, 2, 17) sequently selected for drug resistant transformants. In an earlier study, a binary vector system was developed which mediated transformation of tobacco at a high frequency (1, 2 Neomycin Phosphotransferase Assay. Plant materials used for the enzyme assay were from independently isolated tissues and free of the Agrobacterium. Plant tissues were lysed by homogenization in 1 ml/g of plant extraction buffer (0.5 M sucrose, 0.1% ascorbic acid, 0.1% cystine-HCl, and 0.1 M Tris-HCl [pH 7.5]). The lysate was centrifuged for 5 min in an Eppendorf centrifuge and supematant adjusted to 1 mg/ml of total protein. Twenty zl of the crude extract was used for the neomycin phosphotransferase assay as described previously (2, 13 ants were co-transferred with the tumor genes (2) . Therefore, some of the transformed tobacco calli should be free of the tumor genes and therefore be able to regenerate to mature plants. In fact, we were able to induce shoots and roots from some of the kanamycin resistant tobacco calli transformed with the wild type helper Ti plasmid, pTiBo542 ( Fig. 2A) . Mature plants regenerated from the transformed calli continued to carry and express the kanamycin resistance gene (Table I) .
Two lines of potato shoot cultures were also transformed with the Agrobacterium strains containing the binary vector pGA472 and a helper Ti plasmid (pTiBo542 or pAL4404) by the same co-cultivation method described for tobacco plants. Both leaf and stem were transformed with the kanamycin resistance gene (Fig. 3) We have examined seven tomato cultivars for the ability to be transformed by the co-cultivation methods. Surface sterilized seeds were germinated on a MS agar medium and sections of cotyledons and hypocotyls were co-cultivated with the Agrobacterium strain containing pGA472 and pTiBo542. Several transformed calli were developed from most of the treated cotyledons of all seven tomato cultivars (Fig. 4) . The transformation frequency was similar to that of tobacco and potato. At low frequency hypocotyls were also transformed by the methods. (Table I) .
A. thaliana plants grown on sterile agar medium for 4 to 5 weeks were cut and wounded as described in "Materials and Methods" and used for the co-cultivation experiments. Kanamycin resistant calli were developed only on wounded stems, primarily at the axil (Fig. 5) . The transformation frequency was significantly lower than that of tobacco. Less than 10% of stems co-cultivated with pTiBo542 as a helper produced transformed calli. No transformants were obtained with pAL4404. Expression of the kanamycin resistance gene in the transformed calli was detected by measuring neomycin phosphotransferase activity (Table I) . 
